Aim: Since 2014, Japan Society of Gynecologic and Obstetric Endoscopy and minimally invasive therapy (JSGOE) conducted a nationwide survey on gynecologic endoscopic surgery. We aimed to evaluate the current status and complications associated with endoscopic surgery by Japan gynecologic and obstetric endoscopy-database registry system (JOE-D). Methods: Electrical medical records concerning the endoscopic surgery were generated from the daily use of reporting system. The subjects were all patients who underwent gynecologic endoscopic surgery. In addition to assessment of actual numbers, diagnosis, and operative methods, adverse events were registered. Results: Total 203 970 patients performed laparoscopic, hysteroscopic and falloposcopic surgery for 3 years, 2014-2016. The numbers of endoscopic surgeries conducted in 2016 were increased more than 67 000, 13 000 or 450 cases, respectively. Incidence rates of complications involving these three types of surgeries in each year were approximately 3.1%. Incidences of intraoperative complications were relatively high in malignant diseases, laparoscopic-assisted vaginal hysterectomy (LAVH) and myomectomy (LAM). In total laparoscopic hysterectomy/laparoscopic hysterectomy (TLH/LH) performed from 2014 to 2016, ureteral injury as intra and postoperative complication occurred in 0.35%. In the past 3 years, the rates of vascular injury, urinary tract, and bowel injury as intraoperative complications caused by laparoscopic surgery were approximately 0.1%. In the hysteroscopic surgery, the rates of total intra-and postoperative complications were 0.78%. Conclusion: We exhibited the current status by the nationwide survey of gynecologic endoscopic surgery all over Japan. Severe intra or postoperative complications were identified over the 3 years at a rate of 0.04%.
Introduction
Nowadays, the number of demanding gynecologic endoscopic surgery has been increased across the world. Gynecologic endoscopic surgery is adopted and widespread besides the traditional open access, however, it has been insufficient for the clinicians to know the present status and the accurate information. During the last decade endoscopic surgical procedures have been constantly evolving. Gynecologic surgeons have made many efforts to improve the skill thereby shortening the learning-curve for surgery and improve the clinical outcomes, reducing iatrogenic injuries, excessive blood loss, hospitalization days and recovery time.
This project aims to contribute to the improvement of quality in endoscopic surgery by analyzing the data concerning clinical factors, such as operative methods, adverse events and prognosis in Japan. Reduction of complications due to the endoscopic surgeries would not only improve the quality of life (QOL) for the patients but also have the influence on the public health economy. Also, a nationwide and comprehensive survey regarding the gynecologic endoscopic surgery has not been conducted yet. In 2016, approximately 3500 laparoscopic surgeries for gynecologic malignant diseases have been carried out. Adverse events associated with endoscopic procedures are generally low frequencies, however, with increasing operative complexity, it is apparent that they are experienced more often. Therefore, the large scale-registry system has been required to evaluate the current status of endoscopic treatments and the incidence of operative complications.
Japan Society of Gynecologic and Obstetric Endoscopy and minimally invasive therapy (JSGOE) has implemented Japan gynecologic and obstetric endoscopy-database (JOE-D) as an endoscopic surgerydatabase. This type of data-accumulation system concerning the gynecologic endoscopic surgery on a nationwide scale is the first attempt all over the world.
Methods
The institutional review board of Tottori university faculty of medicine approved this project (No. 2291, obtained on October 19, 2015). Written and informed consents were taken for all patients who underwent the surgery in Japan. Data of the endoscopic surgery, i.e. laparoscope, hysteroscope or falloposcope, for 3 years (from January 2014 to December 2016) in the facilities of all over Japan were registered annually by the JOE-D system. The information concerning the surgical complication in each case was included. This registry system is critically involved in the JSGOEcertified systems, that is, (i) the system as the approved training-facilities for gynecologic endoscopic surgery and (ii) the license system as the approved gynecologic endoscopic surgeons. This entry system was conducted by using the same application software, File Maker Pro (FileMaker Inc). Data from each institute were collected by the offlinesystem without using the internet. In consideration of the risk of erroneous input on this system, the specific passwords for registration were set in every years. The input items include age, identification number of patients, major surgical indications, operative method, the major intra and postoperative complications, treatments in case of complications, and postoperative outcomes. If the cases had multiple complications in an operation, the data was collected and submitted.
In terms of laparoscopic surgery, as the intraoperative complications, massive bleeding was defined as more than 500 mL, and bladder, ureter, bowel injuries, vascular injuries (major vessels or abdominal wall vessels) and other complications resulting in additive procedures or treatment during surgery were classified. In addition, the postoperative complications such as peritonitis, wound infection, bleeding or hematoma, vagina stump-dehiscence, intestinal complication (ileus and hernia), ureteral injury and bladder injury were categorized. Peritonitis or wound infection was defined as those requiring antibiotics treatment or drainage for abscess formation. In the complications of hysteroscopic surgery, uterine perforation, water intoxication, massive bleeding (more than 500 mL), infection and adhesion in uterine cavity were classified.
Results
The number of facilities (346, 402 and 440 per year) and cases (56 233, 67 059 and 80 678 per year) performed the gynecologic endoscopic surgeries in Japan were gradually increased in the past 3 years. Among total 203 970 cases registered from 2014 to 2016, a total of 6399 complications occurred in intra and/or postoperatively. As shown in Table 1 , the rates of complications in each year were similar, approximately 3.1%.
In Table 2a ,b, the lists of laparoscopic surgery performed from 2014 to 2016 with 17 indications for surgery and 23 operative methods, were arranged in descending order. The frequent indications for laparoscopic surgery were uterine fibroid (58 328 cases, 33.7% in total 172 986 cases), benign ovarian tumor (48 550 cases, 28.1%) or endometriosis and ovarian endometrioma (27 125 cases, 15.6%) as presented in Table 2aa and Figure 1a . In Table 2b , total laparoscopic hysterectomy/ laparoscopic hysterectomy (TLH/LH) (16 940 cases, 25.0%), and cystectomy for ovarian tumor (excluding chocolate cyst) (10 786 cases, 15.9%) were mainly performed more than 10 000 cases in 2016, and the cases conducted these operations increased gradually every year. In Figure 2a ,b, the annual numbers and the incidence rates of major intraoperative complications in laparoscopic surgery from 2014 to 2016 were exhibited. As the combination of indication for surgery and operative methods, the major frequent laparoscopic surgeries performed in 2016 were noted in the following order: (i) TLH/LH for uterine fibroid (11 289 cases), (ii) Cystectomy for ovarian tumor excluding chocolate cyst (9950 cases), (iii) Laparoscopic myomectomy (LM) for uterine fibroid (8701 cases) (data not shown). The number of cases with malignant diseases, that is, uterine endometrial or cervical cancer, and ovarian cancer, exhibited approximately 1.8-foldincrease (from 1898 to 3490 cases) within the past 3 years, although the rates of surgery performed for malignant diseases in 2016 was merely 5.2% in total 67 758 cases of laparoscopic surgery (Table 2a,b) .
In terms of hysteroscopic surgery in Table 3 and Figure 1b , the majority of surgeries performed for 3 years were the resection of endometrial polyps (16 869 cases, 52.6% in total 32 052 cases) and submucosal uterine fibroids (12 182 cases, 38.0%). As the falloposcopic surgery in Table 4 , the tuboplasty for tubal obstruction or stenosis was mainly performed (85.6% in total 1484 cases).
In Table 5 , the intraoperative accidental occurrences in laparoscopic surgery were presented. In these types, the most frequent occurrence was technical problems with the apparatus. Almost all cases of CO 2 -gas erroneous insufflation were resulted in subcutaneous emphysema. corruption of apparatus was the accidents involving in uterine manipulators and forceps. Four cases of the drug-induced accidents encountered in these 3 years were caused by the injection of vasopressin or epinephrine to uterus. All these occurrences were not severe, and could recover during the operations. We summarized the number of cases, and major intra or postoperative complications caused by laparoscopic or hysteroscopic surgery (the top five frequent operative methods in this study), and minor operative methods were excluded in Tables 6-7 and 8. In Tables 6 and 7 , the rates of total intra or postoperative complications caused by laparoscopic surgery in these 3 years were 2.35% or 1.22%. As we predicted, the rates of complications were higher in the surgery for malignant tumor (intra and postoperative: 5.76% and 3.92%) compared with other operation methods. With regard to intraoperative complications, high rates of complications were noticed in the surgery for malignant diseases, laparoscopic-assisted vaginal hysterectomy (LAVH) and laparoscopic-assisted myomectomy (LAM) ( Table 6 , Fig. 2a,b) . In these three operations, the rates of incidences involving vascular injury (large-, abdominal wall-or other-blood vessels), urinary tract (ureter and bladder) and bowel injury were relatively high. Especially, in every year, the high incidence rates of massive bleeding in LAVH (6.36%) or LAM (9.43%) were found.
The total rates of intraoperative vascular, ureteral, bladder or bowel injury occurred in 3 years were 0.07%, 0.07%, 0.13% or 0.15% respectively ( Table 6 ). The annual incidence rates of them were almost similar. In contrast, the rates of postoperative complications including ureter, bladder injury, intestinal complications such as ileus, perforation or herniation were 0.05%, 0.03% and 0.12%, respectively ( Table 7 ). The incidence rates of intra or postoperative ureteral and bladder injury caused by TLH/LH, the most frequent operative method, in 3 years were similar, approximately 0.35%.
In Table 8 concerning the hysteroscopic surgery, the rates of total intra and postoperative complications were 0.78% (250 in 32 052 cases) for 3 years. In terms of uterine perforation, the incidence rate was 0.41%. Most frequent cause of uterine perforation (3.78%) was the surgery of adhesiolysis in uterine cavity for the treatment of Asherman's syndrome or uterine septum.
Clinical outcomes of cases which had operative complications were shown in Table 9 (laparoscopy: intraoperative), Table 10 (laparoscopy: postoperative) and Table 11 (hysteroscopy). In Table 9 , the cases needed the blood transfusion, including the autologous blood transfusion which had preserved prior to the surgery, were increased in 2016. In Tables 10 and  11 , the different proportion of the outcomeclassification was not apparent. The severe cases needed the treatment in ICU (intensive care unit), or led to the death due to the complications were totally 83 for 3 years (Tables 9-10 and 11).
Discussion
The nationwide survey of the gynecologic endoscopic surgeries in Japan (JOE-D) has been conducted to assess and share the current status and information for the clinicians and patients. The number of endoscopic surgeries has continued to grow, while that of abdominal procedure was decreased. These data represent the real status of the complications of gynecologic endoscopic surgery, in the situation where also these surgeries are widely implemented throughout the whole nation. From the registration in 2018, the detailed items (i.e. disease name and operative method) regarding the robot-assisted surgery and the gynecologic malignant tumors will be added. From 2019, we will present the data for the gynecologic malignancies. The annual rates of complications by laparoscopic, hysteroscopic and falloposcopic surgeries were 3.1% (Table 1) . Laparoscopy is now widely recognized as an indispensable tool in gynecologic surgery. Out of 172 919 laparoscopic surgeries performed from 2014 to 2016, the number of cases which had intra or postoperative complications was 6168 cases (3.57%), although the definition of massive bleeding as more than 500 mL would be strict. Among the gynecologic surgeries for pelvic organs, especially in TLH/LH, the urinary tract damage remains the major concern related to the laparoscopic surgery. An earlier national prospective survey in Finland was conducted in 1996, with a higher (1.1%) incidence of ureteral injury in LH. 1 Retrospective analyses have showed a decrease since then, reaching 0.3%. 2, 3 In FINHYST study in Finland, the rates of ureteral or bladder injury in TLH/LH performed in 2006 was indicated as 0.3% or 1.0%. 4 An institute of Korea reported that the rates of ureteral or bladder injury as the postoperative complications in TLH from 2005 to 2014 were totally 0.4% or 0.8%, however, after 2010, no complication occurred by the improvement of surgical technique. 5 A single institute in Japan reported that the rates of ureteral and bladder injury was 0.32%, and 0.48%, respectively, in total 1253 TLH by using early ureteral identification technique. 6 Similar incidences (0.3-0.4%) occurred in large single-institute reports. 7, 8 In the present data, the incidence rate of urinary tract injury in TLH/LH (ureteral: 0.25%, bladder: 0.36%) was almost similar to these previous studies. The JSGOE-license system requiring the approval of the training-facilities and the endoscopic surgeons may lead to this low incidence rate. This license system with proper training and education would contribute the surgeons to acquire the proficient surgical skill and allow for the safe procedures and the minimization of complications.
In Table 9 concerning the clinical outcomes of patients who had laparoscopic intraoperative complications, the proportion required the repair of laparoscopic or laparotomic surgery was gradually declined. The high rate (27.7%) of blood transfusion in 2016 was caused by the increase of cases that were needed for the autologous blood transfusion in LM or LAM (Table 6 and Fig. 2) . It is beneficial for the patients to have damage repaired instantly without excessive re-operations. Nevertheless, it should be noted that all severe and harmful complication induced mortality, such as a major vascular injury (119 cases: 0.07% in Table 6 ) and bowel injury (260 cases: 0.15% in Table 6 ), occurred with laparoscopic surgery. With the extended indications for gynecologic endoscopic surgeries, the surgical procedures have been constantly developed. The complications in endoscopic operations can be minimized with advanced training, experience and surgical technique. In addition, the improved surgical technique and the new endoscopic apparatus, such as the tissue-sealing device and the ultrasonic scalpel in laparoscopic operation might decrease the incidence rates of complication.
On the other hand, in hysteroscopic surgeries, there are the complications that relate to intraluminal endoscopic surgery that largely comprise perforation and injuries to surrounding structures and blood vessels, although hysteroscopic surgery is regarded as a safe and well-tolerated procedure with low complication rate. Uterine perforation is one of the most common complications of hysteroscopic surgery, with an incidence of 0.12-3.0%, 9, 10 in this study, the rate of uterine perforation was 0.41% (Table 8) . Importantly, uterine perforation is a potential cause of uterine rupture in pregnancy. There is also an increasing awareness of uncommon but problematic sequelae related to the use of uterine resectoscopes. Damage by electrosurgical electrodes may also lead to more serious bowel injuries. Better understanding of the mechanisms involved in these adverse events has provided the opportunity to perform hysteroscopic surgery in a manner that minimizes risk to the patient.
In conclusion, the gynecologic endoscopic surgeries have multiple advantages and appropriate technique. Prevention of the complications is feasible with precautionary measures and awareness of risk factors. A reduction of complications and need for re-operations would not only improve the prognosis for the patients, however, also have a great influence on the national public health economy. We hope these data will contribute to improve the daily clinical decision-making process and benefit the patients undergoing these procedures.
